This paper reports on the volatile components of oils from the aerial parts (CBA) and roots (CBR) of Centaurea bracteata Scop. and aerial parts of C. pannonica (Heuffel) Simonkai subsp. pannonica (CPA), two Asteraceae growing wild in Croatia. The volatile components, obtained by hydrodistillation, were determined by GC-MS analysis. The yields (w/w) of the dried oils were 0.10% (CBA), 0.22% (CBR) and 0.09% (CPA), respectively. A total of 91 compounds were identified accounting for 91.1%, 93.3% and 87.9% of the total oil for CBA, CBR and CPA, respectively. All the samples were characterized mainly by hydrocarbons (7.1-34.1%), fatty acids (9.7-45.9%), and oxygenated sesquiterpenes (15.2-16.6%). The major components of the samples were hexadecanoic acid (8.1-31.1%), nonacosane (0.6-13.4%) and caryophyllene oxide (4.5-11.9%). Monoterpenes, both hydrocarbons and oxygenated, were either absent or present in low amounts in all the oils. The similarity in the oil contents is consistent with the two species being placed in the same section, Jacea.
The genus Centaurea (family Asteraceae) is comprised of annual, biennial and perennial grassy plants, rarely dwarf shrubs, which are predominantly distributed in Europe and Asia [1] [2] [3] [4] [5] . This genus, highly polymorphous, is divided into four groups according to the structure of the squames, which have distinctive characters for each group [1] . The aerial parts of several Centaurea species are used in the popular medicine of many countries for their antibacterial [6] [7] [8] , hypoglycemic [6] , antifungal [9] [10] [11] [12] , cytotoxic and phytotoxic [10, 13, 14] activities. The genus has been subjected to several phytochemical studies leading to the isolation of numerous secondary metabolites such as flavonoids [15] [16] [17] [18] and sesquiterpene lactones [16, [19] [20] [21] [22] . A number of papers have been published on Centaurea volatiles [23] [24] [25] [26] . Previous phytochemical investigations of the roots [27] and aerial parts [28] of C. bracteata Scop. reported the presence of a sterol glucoside, quinic acid derivatives, and several flavonoids, some with a sulfate moiety. Only one report on C. pannonica (Heuffel) Simonkai has been published and concerns the isolation of an anthocyanidin from the flowers [29] . The present study reports on the volatile components of the aerial parts and roots of C. bracteata and the aerial parts of C. pannonica subsp. pannonica. To our knowledge, no previous studies on the volatile components of these two species have been reported. The species belong to the sect. Jacea (Miller) Hayek, which includes, in Europe, about 10 herbaceous taxa with broadly ovate or orbicular appendages, usually covering the bracts [30] .
Hydrodistillation of the aerial parts of Centaurea bracteata (CBA) and of the roots of the same species (CBR) collected in Croatia gave two pale yellow oils. Overall, 67 compounds were identified (57 in CBA and 41 in CBR), representing 91.1% and 93.3% of the total components, respectively. The components are listed in Table 1 according to their retention indices on HP 5MS and HP Innovax columns and are classified on the basis of their chemical structures into 8 classes. The composition of the two oils is different, but their The section Jacea is closely related to sections Lepteranthus and Nigrescentes [31] . To the best of our knowledge, no reports on species belonging to section Jacea have been previously published, although C. nigrescens and C. stenolepis, belonging to sections Nigrescentes and Lepteranthus, respectively, have been investigated [24] . Comparison of the essential oils of these species with those of C. bracteata and C. pannonica, shows very similar profiles. In fact, all these oils have a comparable amount of hydrocarbons, such as pentacosane, heptacosane and nonacosane. All of them are practically devoid of both oxygenated and hydrocarbon monoterpenes and, on the other hand, they contain similar amounts of caryophyllene oxide and the peculiar 4-vinyl guaicol.
In conclusion, we can affirm that C. bracteata and C. pannonica subsp. pannonica have a very similar profile of chemical constituents of their essential oils, consistent with their being placed in the same section, Jacea. Moreover they are closely related to the species of sections Lepteranthus and Nigrescentes. 
Experimental

Isolation of the volatile components:
The air-dried samples (lots of 25 g) were ground in a Waring blender and then subjected to hydrodistillation for 3 h using n-hexane as a solvent, according to the standard procedure previously described [32] . The oils were dried over anhydrous sodium sulfate and stored under N 2 at +4°C in the dark until tested and analyzed. The hydrodistillation yielded 0.10% (CBA), 0.22% (CBR) and 0.09% (CPA), respectively of yellowish oils.
Gas chromatography: Analytical gas chromatography was carried out on a Perkin-Elmer Sigma-115 gas chromatograph equipped with a FID and a data handling processor. The separation was achieved using a HP 5MS fused-silica capillary column (30 m x 0.25 mm i.d., 0.25 µm film thickness). The column temperature was 40°C, with a 5 min initial hold, and then raised to 270°C at 2°C/min, 260°C (20 min); injection mode splitless (1 µL of a 1:1000 n-pentane solution). Injector and detector temperatures were 250°C and 290°C, respectively. Analysis was also run by using a fused silica HP Innowax polyethylenglycol capillary column (50 m x 0.20 mm, 0.25 µm film thickness). In both cases helium was used as carrier gas (1.0 mL/min). Relative concentrations of components were obtained by peak area normalization. No response factors were calculated.
Gas chromatography-mass spectrometry:
Analysis was performed on an Agilent 6850 Ser. II apparatus, fitted with a fused silica HP-5 capillary column (30 m x 0.25 mm i.d.; 0.33 μm film thickness), coupled to an Agilent Mass Selective Detector MSD 5973; ionization energy 70 eV; electron multiplier voltage 2000 V. MS were scanned in the range 35-550 amu, scan time 5 scans/s. Gas chromatographic conditions were as reported above; transfer line temperature, 295°C.
Identification of components:
Most constituents were identified by GC by comparison of their retention indices (LRI) with either those of the literature [33] [34] [35] or with those of authentic compounds available in our laboratories. The linear retention indices were determined in relation to a homologous series of nalkanes (C 8 -C 28 ) under the same operating conditions. Further identification was achieved by comparison of their MS on both columns, either with those stored in 
